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It was eatahlished by several investigators that expressions:
(MeQ) [ Fe ] o
Fe ) [P ] =h )
in whigh (Me0) and (Fo0) are molar fractions ol oxides in slag and Mo/
nnd [l—"g] —= atomlo Fraclblons in the metal phaso, romaln more or less
eonotant for a given tomperature under conditions of equilibrium in syni-
tomy Fe, Mo, 0/Fo0, MoO whon Mo is ropresonted by Mn[l], N1 [2_] and
Go /3_/. Annlopoun rosults wore ohtained aloo for the system Mi, Co,
0/t10, G0, According to Gerasimov / 4_/, it follows from experiments

by Fottors and Chipman / 5_/ that for Me == Ca the ratio

Lko) _ (2)
(f:e,O)

aloo varies very little with changlng slag compositlon,

On the other hand, introduction of 8102 has a great offect on K!
and T.' for tho samo Me's. It 183 easily notlceable that the magnitude
and direction of variations of K' with the same admixture of SiO2 dew:
pend on the size of the cation Me2+, TFor r Me2 +> rFez,-?' the value
of K' grows with an increase of the 510, content; inversely, for
FMe2T <rr._.cz, + it falls down, and the less this diminution, the
nearer to r F62,+ is the cation. Tor example, for the pair Mn,

Fe (rya+=0.92 AU, Pp2t=0.9% A.(.) the value of XK' greatly in-
creases [ 1_7 with introduction of 3102. However, for Ni, Fe(t N_L:L+ —

= 0,78 A, U.) it goes down / 2, 6_/, this decrease heing slower than !
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the inareage in the oase of Mn, Fe, For Co, Fe(rp a-+ = O.F4 AU) the
deoreass of K' 18 of the least magnitude [ 3_7. The system Ni, Co be=
haves the same way, The value of K' in this system goes down gomewhat
glover than in the ocase of Ni, Fa, Finally, tha data of Chipman and his
oowo“keru 5, '7_7, enalyzed by A, Samarin, L, Shvartemen and M, Temkin
4 8_7, V. Kozheurov (unpublished work) and A, Keinman 797, showed that
the value of:

{501 g
NFea.,u.'Noz_ ? (3)
(where N's are ionic fractions of iron and oxygen in the slag of the syo-
tem in which Ms = Ca) sharply increases with the lncrease of the 810,
content. Probably, this elso is connooted with tho great difference in
redii of cationa (rn A+ =2 /.06 AU

These regularitios may be oxplained by referring to the electroly=
tical theory., Molten slags reprosent strong eleotrolytes [ 10, 11_7.
Therefora the equilibriums under consideration may be expressed by the

following equatlons:
Me + FeZ+ == MeZ%* -+ Fe ()
02~ o Fo &+ == 0 -+ TFe (b)

Expressions for equilibrium constants may be simplified because
the metal phase is close to the ideal solution, Such a possibility 1s
substantisted by the absence of stable liquid intermetallic compounds
of iron with Mn, Co and Ni, ths ‘NaTTOW leﬁs between thelr lines of 1i- i
quidus and golidus [ 12_7, the comparatively low solubllity of oxygen :
in iron and negligible solutility of caleium. On account of all these
factors the activities of Fe, Mn, Co and Ni may be replaced by atomle

fractions and the activity of oxygen by lts percentage.
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The moet convenient method for expressing ion activities in slag
is a model suggested by M. Temkin [—13_7. This nodel deplots the basic
moment oharacterizing the arrangement in molten eleotrolytes, namely
the olosest adjacenoy of ilong with opposite signe; in other relations
all llke iona in 1t are completely levelled, In guoh a perfect ion so-
Tution the activity of an ion is equal to its ion fraction, 1,e., to the
ratio between the number of ions of a given kind and the total number
of ions with tho same sifn, Let ue introduce coofficients of ion ac-
tivity for evaluvating the deviation of slap from the porfect lon solu=
tion, These coofficientd characterize nonequivalenco of similarly
charped particlen and thelr specificity.

llence, tho followlng okpreaniona deduced from oquilibrinm constants
of processes (us and (b) may be written:

N . N -F L+ [;Fc']
Mext+  TMe™ T = T =K: const, (4)

[l 0] [Fe]
R S = [ =const (5)
NF&,'Z +T‘Fe2+ N OZ —'FO:L,—
It 1s easy to notice that, in the presence of MeO and absence of
3102 in elag, N g 2+ == (Fe0) and N Me2t+ = (Me0). Therefore,
comparison of equations (1) and (4) leads to the conclusion that gtriet
constaney of K' is possible only when ‘the ratlo of activity coefficlents
of Fe &1 and Me~*  does not depend on composition, as for example,
1f MeO and FeO form the ideal ion solution in which the interactlon en-
ergles of both cations with 0%~ are similar, Fqual charges and near-
ness of sizes of the cations Fe 2 , M2+, Co%7*and NLA* permit
to aseume that this condition will be approximately observed, especlal-
1y for the pair Fe, Co. However some differences in radii and polari-

ties of other cation pairs may result in a certain inconstancy of K'.
-3 -
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In partiowlar, this inconstancy may be expected in the Fe, Mn palr, Fe,
Ni and Co, Ni, It is easy to show that, at similer coordination num-
hers, dependence of K' on composition will be h.ere determined by the
extent of difference between the cation emrg;" of interaction with 0’
in the unoymetrical situation Me,a+ = 04T = M?}""'" and
that energy for the symmetrical situation Me,* t 0T — Mo &t
Insufficient acouracy of experiments prevented further olarification
of this dependence,

For oleg, composed of CaO, FeO, the atomic fraction of iron in
metal and the ionioc frection of oxygen in slag are equal to one, Oom-
parison of equations (2) and (5) shows that L' will be strictly con=-
stant if the produst fFé-'r foa.- does not vary with slag composition,
This could happen if ections of Ca®7 and Fe*7" with 0%~ were
similar, But the difference in gizes and polarigabilities of Ca®**
and Fe %7 18 the greatest in comparison to other peirs. Therefore,
the olearest dependencs of L' on sleg composition could be expected
here. However, in the experimentally investigated region (N Fe’ﬂ-"')r
NCa""" ) the motivity coefficients £h2+ and!'fg2~ vary in opposite
directions. Actually, here the part of iron ions is in positions
Pzt = 0%~ — Ca*" . Since interaction of 02~ with Fe2
1p greater than that of 02" with Ca2¥, the negative charge 02~
will approach the positive charge Fe? 1, The energy of interaction
of Fe2* with 02 Twill be greater here than in situations Fett- 0% = ez-*‘
As ‘the number of the latter grows with Nmz"', fre 2+ must grow also,

On the other hand, the energy of interaction of 02~ with cations is
greater in the states Te 2+ 0*"—Fe?T than in the situations
re2+— 02~ — ca®™, For this resson, with increasing Npe 2% the
coefficient foz"' will go down but more slowly than fFez"' will grow.
fhus, the increase of L' with Npg 2t is weakened; L' may vary non-
monotonically with Np, 2+ and may have an extreme in the reglon ex-
perimentelly accessible. | ‘
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Data obtained by Ohipman and his collaborators /5, 7./ may confirm to
& ocertain extent all regulurities discussed in this article.

The influence of 8102 on XK' and L' may be qualitatively explained
in the following way., For a given ratio of MeO and Fe0, introduction
of 5102 into & melt leads to the appearance of 51044" and disappear-
ance of a double number of ions 02™, Since the radius of 91044" is
approximately equal to 2:'02 = , the energy of its interaction with ce-
tions will be less than twice the energy of interaction of cations with
02— + Therefora the introduotion of 810, deocreases the linkage of
cations with the melt and raises their activity ooerfioienta} and this
inorease will be greater for oations with smaller radii. Thue y in
agreement with the experiment, the ratio. .t‘“).-'-/fm 2+ and K'! muat
prow with the oconcentration increase of 810, for ry 4+ D rpgdt and
tﬁ-y‘ mapt:dedredsstfor

Me
approximation the number of cations for every 0%~ may be assumed the

2+ < TpeR+ ¢« Turther, since in the first

same a8 in the abnence of 810y, then the fo2= remains almost the same

as in the melt MeO, FeQ, Therefore, the change of L' upon the addition

of 810, is determined mainly by rMez-r « As the latter ihoreases with
the increase of the 810, conbent, L'\_h_/also increases,

However, 1t is still not olear why the effect of changes in compo-
sition of the melt Me), FeO is weak and revealed only for cations with
sharply differing sizes and polarizabilities (Fe?™ and Ca2~+ ), while
the addition of 3102 has & very sharp effect on the very same cation
pairs, Evidently, in addition to the above memtiéned ceuses which may
be conditionally considered as entirely electrostatic ones, an essen=
tial role is played by the different stabllity of 81044"' in the pres-
ence of Me?+ and F‘92+ « Each cation deforms to a certain extent
adjacent 810 44"1113 to the separation of 0° ™ from some of them, The
cation with the greater energy of interaction with 0° “(re 2"", for ex-

ample) destroys 810 44"more intensively and surrounds iteelf with

-5
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enions 0° =, On account of this, 3104 = 4p driven to the weak ca=
tion (Oaz"*, for example). Solely statio distrihution of aniouvs 81044°'
and 02 around Me2?* and Fe T 1o dierupted and greater regulation in
the distribution of particles arises in the melt than 1s foreseen by

the theory of perfeot ionio solutions [ 14_7 .

The "strong" ocation (MeIIZ"') causes less numerous roarrangements
of anions and the inorease in number of rearrangements with the ine
ore;ao of S:I.O2 content is smaller as compared to the '"weak" cation
(MaIz"' )« Therefore the activity of Men’v'*' is reduced more slowly
then the product of ion fractions (NM e—l' ' Nd’-'). As a result, addi-
tional "rearrangement" coefficients of activity appc;.r, growing with
the increase of the 8102 wonwent and causinz an increase of L'. On
the other hand, since by the same token a MﬁII& is reduced more slowly
than a “‘10 » the ratio of rearrangement activity coefficients
e % "'/'FMe.'i 4 + ond K' also increase with the inorease of S10,.

Thus, additional regulation of ions in the melt, conditioned by
the difforence in energles of interaction of cations with 02—, has an
effeot on the values of X' and L' in the same direotion as the effect
of the entirely electrostatic faotors. Being superimposed on each other,
both these factors lead to the greater effeot which is observed experi-
mentally,

The concepts developed here for silicates may be applied also to
systems containing other complex anions, as for example aluminates ’

phosphates and ferrites,

Chair of the Theory of Metallurglcal Processes
of the Ural Industrial Institute imeni S. M. Kirov,
Sverdlovsk
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